Study Design. Systematic literature review and meta-analysis of English language studies.
.
Results. The initial literature search resulted in 547 articles, of which 14 were determined relevant on abstract review. Overall, nine studies provided data for 558 patients who underwent a lumbar microdiscectomy. The pooled clinical success rate was 83.5% (CI: 79.7%, 88.0%), which was statistically significant (P < 0.0001). The studies demonstrated minimal heterogeneity Q value of 7.41 and I 2 value of 5.53. Four studies included operative and nonoperative cohorts. The odds ratio of RTP with a symptomatic lumbar disc herniation was 1.13 (CI: 0.37-5.90).
There was no statistical difference in RTP between the two groups (P ¼ 0.59).
Conclusion.
Elite athletes return to competition 83.5% of the time after undergoing a single level lumbar microdiscectomy. Additionally, when comparing lumbar microdiscectomy to nonoperative treatment, there is no difference in RTP rates, suggesting that a more aggressive approach to managing a symptomatic HNP in this population with earlier surgical intervention may be employed judiciously if timing necessitates for the athlete's benefit. Key words: athlete, baseball, basketball, elite athlete, football, herniated disc, herniated nucleus pulposus, hockey, lumbar, lumbar disc herniation, Olympics, return to play. Level of Evidence: 3 Spine 2016;41:713-718 E lite athletes often have a short window in which to make a career of playing their sport professionally. Back injuries, such as lumbar disc herniations (LDHs), lead to poor performance or inability to play, which commonly results in loss of income, loss of status, or even early retirement from the sport. In the business of sports, an athlete with a spine injury has historically been viewed as an expensive loss of personnel and resources, despite clinical data to the contrary. [1] [2] [3] [4] [5] Despite this, it is professional athletes who may be predisposed to LDHs due to the extreme torsion, shear, flexion, and compression forces they subject their spines to every day in practice and competition. [6] [7] [8] In the general population, surgical treatment for LDH in the form of microdiscectomy has been shown to have excellent outcomes across several randomized controlled trials. [9] [10] [11] However, many feel that the Spine Patient Outcomes Research Trial (SPORT) studies have not provided appropriate expectations for the elite athlete patient with LDH; measures such as the Oswestry Disability Index, Visual Analog Scale, Short Form-36, and pain scores were designed only to evaluate patients returning to sedentary jobs or lifestyles. 1 Elite athletes demand a different definition of ''return to work.'' Thus far, studies have evaluated return to play (RTP), career length, and a variety of sportspecific statistics and performance-based scores in elite National Collegiate Athletic Association (NCAA) athletes, Olympians, and professional football, basketball, baseball, and hockey players. [1] [2] [3] [4] [5] [12] [13] [14] These case series have shown that RTP ranges from 80% to 90% with no significant shortening of career or loss of measured statistics or performance scores. However, with the evolving health care landscape, there is a need for stronger evidence in order to help patients make data-driven treatment decisions. 15 To date there remains a lack of consensus guiding the likelihood of an elite athlete returning to sport at the highest level after a lumbar microdiscectomy. The goals of this systematic review and meta-analysis of pooled data are to determine the evidence for and rate of RTP in elite athletes after lumbar microdiscectomy for an HNP.
MATERIALS AND METHODS

Inclusion/Exclusion Criteria and Review Procedure
A systematic computerized Medline literature search was performed using PubMed, Cochrane Database of Systematic Reviews, and EMBASE. The electronic databases were searched from January 1980 to February 2015. Searches were performed from Medical Subject Headings (MeSH) used by the National Library of Medicine. Specifically, MeSH terms ''lumbar microdiscectomy,'' ''athlete,'' and ''lumbar disc herniation'' were used. A full description of the search strings used can be found in Appendix 1. In PubMed, a clinical queries filter was used to delineate only those studies of English language, in adult patients, and those with an available abstract. Inclusion criteria in the meta-analysis included adult, elite athlete (collegiate, Olympic, professional) symptomatic LDH, operative treatment via lumbar microdiscectomy (a nonoperative arm did not exclude), and designation of RTP status as logging playing time in at least one regular season game or one event for Olympic athletes. Exclusion criteria included pediatric (<18 years old), high school athlete, failure to define RTP, recreational athlete, and any procedure not consistent with definition of lumbar microdiscectomy. Lumbar microdiscectomy was defined as the extraction of a herniated or extruded disc fragment with use of a microscope without extensive laminectomy/laminotomy or instrumentation/ fusion.
Two independent authors reviewed the abstracts of each article to assess for inclusion in the meta-analysis. The authors then jointly reviewed the full text of the articles meeting criteria based on the abstract to determine agreement on inclusion of the studies. In case of a discrepancy, a third author participated in the discussion until a consensus was reached. The methodological quality of each included study was appraised and scored in accordance with the Oxford Levels of Evidence 2.
Data Extraction
A meta-analysis database was created from included studies with the following categories: (1) study ID to include author, journal, and year of publication; (2) reference;(3) study type and level of evidence; (4) study inclusion/exclusion criteria; (5) number of patients; (6) male:female ratio; (7) patient age; (8) length of follow-up; (9) operative procedure; (10) nonoperative treatment; (11) RTP; (12) time to RTP.
Methodological Quality Assessment
Methodological quality assessment was accomplished using the Downs and Black checklist. This checklist that culminates in a total score that is directly proportional with the quality of the study. The total cumulative score comprises a profile that measures quality of reporting, internal validity (bias and confounding), and external validity. According to the Downs and Black system, the performance results of the checklist showed a high internal consistency (KR-20 ¼ 0.89), test-retest (r ¼ 0.88), and inter-rater (r ¼ 0.75) reliability.
Specifically, the checklist consists of 27 items for which an answer ''yes'' correlates with a score of 1 and ''no'' or ''unable to determine'' correlates with a score of 0. With the exception of item 5, all the other items are scored according to this binary, one and zero system. Notably, we used a modified Downs and Black checklist in which item 27 was shifted to a binary answer system. One point was awarded if a power or sample size calculation was present. This method produces a maximum score of 28.
Meta-analysis
The pooled results for dichotomous data were performed by calculating the effect size based on logit event rate using Comprehensive Meta Analysis, version 2.2.050 (Biostat, Englewood, NJ). The effect size for dichotomous variables was reported as an odds ratio. The studies were weighted in the meta-analysis by the inverse of the variance, which included both within and between study errors. The effect size and confidence intervals (CIs) were reported using Forest plots. CIs were reported at 95% levels. Comparison between groups was performed using the Z distribution and a t-test or, for multiple groups, analysis of variance (ANOVA). A p-value of 0.05 was set for significance. Heterogeneity was assessed using the Q statistic and I 2 , where I 2 is the estimate of the percentage of error due to between-study variation. I 2 values below 25% generally indicate consistent results and homogeneous studies. A priori we selected a random-effects model. Sensitivity analysis was performed by varying assumptions used in the meta-analysis, and by single elimination of studies. Funnel plots of effect size versus standard error were assessed by visual inspection to determine publication bias.
RESULTS
Systematic Review
The initial PubMed, Cochrane Review, and EMBASE search resulted in 547 articles. After two-reviewer assessments of abstract, 14 articles were selected for further review. Four studies were eliminated based on the inclusion criteria of the systematic review. Nine studies were identified as meeting all of inclusion requirements. Descriptive information for each of the included studies is given in Table 1 .
Nine studies reported RTP outcomes after lumbar microdiscectomy. Similarly, five studies reported outcomes in operative and nonoperative cohorts.
Summary of Investigations
Nine published studies were examined and all reported on rate of RTP after microdiscectomy, while five studies also included data on the rate of RTP after conservative therapy. All papers were either level IV case series or level III retrospective cohort or case control studies.
In 1999, Wang et al 12 published the earliest paper included in this meta-analysis, reporting on a series of 14 elite college level athletes across multiple sports. Ten patients had single-level lumbar microdiscectomy, three patients had two-level microdiscectomies, and one patient had a percutaneous discectomy. Sixty-five percent (9/14) of patients returned to varsity level play, all of whom had undergone a single-level microdiscectomy. The quality score for this paper was 15.
In 2003, Watkins et al 3 published on a series of 60 lumbar microdiscectomies performed on 59 professional-and Olympic-level athletes across a variety of sports (one patient required a second adjacent level procedure). Eighty-eight percent (53/60) returned to play after lumbar microdiscectomy at an average of 20.8 weeks after the procedure. The quality score for this paper was 10.
In 2010, Anakwenze et al 2 published a retrospective case control series on 24 National Basketball Association (NBA) athletes who underwent lumbar microdiscectomy matched to 48 athletes without LDH. All data were obtained through an analysis of publically available NBA game summaries, weekly injury reports, player profiles, and press releases. A total of 18 of 24 (75%) athletes returned to play after lumbar microdiscectomy as compared to 42/48 (88%) in the control group. The quality score for this paper was 13.
Weistroffer and Hsu 5 published on a series of 66 National Football League (NFL) linemen with LDH, 52 of which were treated operatively with lumbar microdiscectomy and 14 of which were treated with conservative therapy. All data were obtained through an analysis of publically available NFL game summaries and press releases. A total of 42 of 52 (80.8%) patients who had lumbar microdiscectomy returned to play while only 4/14 (26.8%) of patients treated conservatively returned to play. The quality score for this paper was 12.
Hsu et al 1 reported on the largest cohort to date that included 342 athletes from Major League Baseball (MLB), the National Hockey League (NHL), the NFL, and the NBA diagnosed with LDH, 226 of which were treated with lumbar microdiscectomy while the remaining 116 were managed conservatively. All data were obtained through an analysis of publically available game summaries and press releases. A total of 142 of 226 (81%) patients who had lumbar microdiscectomy returned to play while 94/116 (84%) of patients who were treated nonoperatively returned to play. There was no statistically significant difference in RTP between the two groups. The quality score for this paper was 11.
Watkins et al 3 published a second larger series of 171 athletes, the majority of which were from the MLB, NHL, NFL, and NBA. Eighty-five patients were treated with lumbar microdiscectomy. Overall, 75/85 (89%) of athletes treated surgically returned to play at an average 23.2 weeks after the index procedure. No outcomes data were collected on those athletes treated nonoperatively. The quality score for this paper was 11. Earhart et al 14 published a retrospective cohort study of 64 MLB athletes with a total of 69 LDHs, 40 of which were treated with lumbar microdiscectomy, 29 of which were treated nonoperatively. All data were obtained through an analysis of publically available game summaries and press releases. A total of 39 of 40 (97.5%) athletes treated operatively and 28/29 (96.6%) of athletes treated conservatively returned to play at an average of 34.8 and 14.4 weeks, respectively. Although the rate of RTP was not statistically significant between the two groups, athletes undergoing lumbar microdiscectomy had a significantly longer recovery time than those athletes treated conservatively. The quality score for this paper was 12.
Yoshimoto et al 16 published on a series of 23 competitive athletes who underwent lumbar microdiscectomy for LDH and reported that 19/23 (82.6%) successfully returned to play at an average of 10.8 weeks after surgery. The quality score for this paper was 13.
Schroeder et al 13 reported on a cohort of 87 NHL athletes with LDH, 48 of which were treated with lumbar microdiscectomy, 8 of which were treated with single-level spinal fusion, and 31 of which were treated conservatively. All data were obtained through an analysis of publically available games summaries and press releases. A total of 38 of 48 (79.2%) patients treated with lumbar microdiscectomy returned to play, 28/31 (90.3%) of athletes treated conservatively returned to play, and 8/8 (100%) of athletes treated with single-level fusion returned to play. The overall rate of RTP was 85% and there was no statistically significant difference between groups. The quality score for this paper was 12.
Quality Assessment of Included Studies
The quality index score of our nine studies ranged from 10 to 15. We calculated an average score of 12.11 and a standard deviation of 1.45. We defined a higher quality study as 15 to 18, a moderate quality study as 12 to 15, and a poorer quality study as 8 to 12. Three studies were considered of a moderate quality and six studies were considered to be of poorer quality.
META-ANALYSIS RESULTS
Clinical Results for Microdiscectomy
Clinical results were reported in nine studies, all of level IV evidence-five case studies and four case control studies. The pooled success rate for RTP after lumbar microdiscectomy was 83.5% (CI: 79.7%, 88.0%). The logit event rate was calculated to be 1.621 (CI: 1.335, 1.908). A Forest plot of the logit event rates demonstrated favorable outcomes with respect to RTP after lumbar microdiscectomy (Figure 1 ). The pooled logit event rate was found to be statistically in favor of returning to elite athletic competition after lumbar microdiscectomy (P < 0.001). The studies demonstrated minimal heterogeneity Q value of 7.41 and I 2 value of 5.53.
Clinical Results for Microdiscectomy Versus Nonoperative Treatment
Clinical results with comparative cohorts were reported in four studies. The odds ratio of RTP with a symptomatic LDH was 1.13 (CI: 0.37-5.90). A Forest plot of the logit event rates failed to demonstrate statistical significance favoring either treatment arm (Figure 2 ). There was no statistical difference in RTP between the two groups (P ¼ 0.59). The studies demonstrated minimal heterogeneity with a Q value of 4.57 and I 2 value of 12.37.
Sensitivity Analysis and Publication Bias
Single elimination of each study did not impact the overall results of the analysis. Single removal of each study resulted in P < 0.05, which validates the results of the model. The funnel plots were symmetric about the mean effect after lumbar microdiscectomy, indicating absence of publication bias.
DISCUSSION
The treatment of an LDH in an elite athlete is a highly debated topic that lacks consensus in the literature. Outcomes favor microdiscectomy in the general population for this condition after failure of nonoperative Figure 1 . Forest plot of the logit event rate for return to play after lumbar microdiscectomy. In this Forest plot, any value greater than 0.0 favors return to play and any value less than 0.0 favors no return to play. CIs that do not cross 0.0 are significant. management, 9,11,17 but for an elite athlete this algorithm becomes clouded. Paralleling an athlete's ambition to RTP as soon as possible (often meaning surgery) is the desire to perform at the highest level-a requisite for success in this population. For this reason, return to ''work'' for elite athletes is a separate entity from the return-to-work described by Weinstein et al 9 (76.2% at 1 year after lumbar microdiscectomy).
The uncertainty surrounding RTP in elite athletes is a direct result of low-quality studies. To further this point, there are only three studies based on data procured by the operating surgeon(s), and most of the cited literature is based on team injury reports, newspaper clippings, and media investigations. 3, 9, 12 This methodology is unacceptable for most outcomes measures; however, in this metaanalysis, clinical success was defined simply as RTP. We used the most basic definition of RTP as logging playing time in at least one regular season game or competing in at least one event for track and field athletes. All studies used tangible and verifiable means for which to identify those athletes who returned to sport against those whom did not. This eliminates some of the ambiguity of this method of data collection.
The use of meta-analyses allows for the pooling of data from multiple studies to evaluate whether there is a significant effect and if so, the magnitude of the effect. Furthermore, the meta-analysis allows for assessment of the heterogeneity within the studies, which further validates the effect size. In this study, we selected a priori, a random-effects model. Unlike a fixed-effects model, the random-effects model posits that the true effect may vary from study to study. Our study found minimal heterogeneity among the included studies, which further validates the results of the model.
In our study, 83.5% of elite athletes who underwent a microdiscectomy for LDH returned to play. As previously stated, this compares favorably with return-to-work rates in the general population. Athletes subject their bodies to extreme stresses that would seem to predispose them to higher rates of postoperative failure. However, because of the physical and athletic capabilities inherent to their sport, they may be able to compensate with superior muscle memory, elite physical fitness, and high pain tolerance. 18 While not the primary aim of this study, four studies compared an operative and nonoperative treatment arm. 1, 5, 13, 14 Analysis of these data showed no significant difference in RTP rates between those who underwent lumbar microdiscectomy versus those managed nonoperatively. Of note, we did not analyze time from injury to RTP, time until retirement, or any performance metrics due to aforementioned inconsistencies between studies. Specifically, the time from injury to RTP warrants further exploration via prospective studies.
This study has several limitations, primarily related to the extracted data from the index articles. In addition to the level III and IV evidence on the subject, the methodology of second-hand data collection in many of the studies further subjugates scrutiny of our results. However, as previously stated, RTP as defined in this meta-analysis is a verifiable variable that lacks significant ambiguity despite the reporting source. Another important consideration when using publicly available data is the possibility of study overlap, though when results were individually compared among different studies in question comparing the same sports, the RTP rates and number of athletes analyzed over the same time period were different. Therefore, although we cannot say with certainty that there was zero overlap, we can conclude that the studies must have examined different athletes in order to demonstrate different results. With such homogenous RTP rates across studies, any overlap is unlikely to alter conclusions of the study. Additionally, we could not account for external driving forces that may incentivize athletes to RTP due to salary bonuses, season timing, and athlete prerogative. Also absent in this study is any comparison of performance parameters pre-and postoperatively. This may be attributed to a lack of any standardized metric for which to assess true performance as it is difficult to define and near impossible to innumerate.
CONCLUSION
LDH is a common problem in elite athletes that may keep them out of sport and effectively out of work for a significant amount of time. Lumbar microdiscectomy is the gold standard treatment for patients with an LDH who fail conservative treatment and have demonstrated high success rates, return to work, and cost-effectiveness. This paradigm holds true in the elite athlete population with a high rate of RTP after lumbar microdiscectomy. Additionally, when comparing lumbar microdiscectomy to nonoperative treatment, there is no difference in RTP rates, suggesting that a more aggressive approach to managing a symptomatic HNP in this population with earlier surgical intervention may be employed judiciously if timing necessitates for the athlete's benefit. Lumbar microdiscectomy for an LDH is a viable and effective option for elite athletes wishing to RTP.
Key Points
An LDH is a common problem in elite athletes who may keep them out of sport and effectively out of work for a significant amount of time.
Elite athletes RTP at a rate of 83.5% after lumbar microdiscectomy. Odds ratios strongly favor RTP in elite athletes with a herniated disc treated with either lumbar microdiscectomy or nonoperative management. There is no significant difference between RTP rates in elite athletes after lumbar microdiscectomy versus nonoperative treatment. Lumbar microdiscectomy for an LDH is a viable and effective option for elite athletes wishing to RTP.
